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Date: June 28, 1957 


1. Name of, Investigator: Edward W. Pelikan, H.D. 


2. Title: " 

3. Institution 

• & Address: 


4. Project or Subject: 


Associate Professor of Pharmacology 

1 '■ 


Department ofFharaacology and Experimental Therapeutics 

Boston University School of Medicine 

80 East Concord Street, Boston 18, Massachusetts 


A study of structure-activity relationships among drugs 
vhich affect nicotine-sensitive physiological mechanises. 
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5. Detailed Plan of Procedure (Use reverse side if additional space is needed): 

A* Introduction* 

' 1. Although the gross pharmacological actions of nicotine have Been des¬ 
cribed In detail, there is a remarkable lack of knowledge of how aoi why ni¬ 
cotine affects the cells it does* We wish to study the me chanisms by which 
nicotine acta and to attempt to learn what aspects of the chemical structure 
of nicotine are responsible tar each of its major actions. We believe this 
study can best be pursued by a cooperative Investigation of the actions of 
drugs with a wide range of chemical structures, all of which drugs possess 
actions in common vith nicotine, la this study, the known actions of nico¬ 
tine will be used as a standard for comparison; the biological systems on 
which nicotine acts will function as indicator systems; the major experimen¬ 
tal variable will be variation in chemical structure of & series of drugs. 


2. The underst andin g of the effects of drugs on autonomic and somatic 
nervous system activity has been confused by the relative non-selectivity of 
action of agents, the great selectivity of action of vhich has been assumed. 
We intend to use the lack of selectivity of these agents as the factor cru¬ 
cial to our experiments. • >■ 


«• It is well known that nicotine Is a compound with little selec¬ 
tivity and specificity of action. It is known that la the reflex arc, nico¬ 
tine may stimulate sensory receptors, modify the integrative action of the 
central nervous system, influence ganglionic transmission, and alter the ac- 
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' v. • tivity of effector ayateaa '(at least; .la the case ’of skeletal made). ' rt r v 'f 
'• : tine also has direct effects on the adrenal aedulla sad on isolated chrcsaaffin 

Basses* and oa the posterior pituitary gland to cease the release into the eir~ X4M 
.eolation of sUbataaces which can affect a vide variety of tissues* ■The' 




forexampla* has shown that the same dose of nicotine which will facilitate the 




• ^ j v " : 3 ‘g^'r '!* well known that acet ylcholine has both "nicotinic* and "Muscarinic M effects* • • 
that even aaseorlae has scow "nicotinic" effects. Drugs need t© produce 
blockade are known to have variable mounts of activity at the 
•HVSft* *•'trotaiocular jun ct i on *' and in'the centred nervous eyatea (Chen)i at both of, these' 
df | •’ :‘._-. > aitaa ganglionic t b loc k i ng drugs act antagonistically to nicotine# 


t*-k . i* 


w ;.r • Ve have already reported the results of our coaperison of the effects' M/Jg 

>*1 : & Vof nicotine and a series of syapathonlffletic anlnea onthe lcolated rabbit Je* ‘ v - 
V'v-' : .V- Junua and the Isolated frog rectus ehdoainlw ouscle* Zt was found that nieo-^^&P't 
«*** derivatives of phenethylaaine and tyrant no had similar actions on the 


•V'l'-T 
•Ct ‘ ‘V v 


jejunal stripsj In general* derivatives of phenethylaaine and tyrealne iuuai*. ?•>-*' v\££jV«*j 
: 'tested their syn»thoaiaatic actions only after the strips had been treated ^ .fit'‘si' 
/with a canglionic blocking agent in a concentration sufficient to acolich the : 

, actions of nicotine. It could not be determined with certainty that eplne- *&*%*$$% 
. pbrine, norepinephrine and 3-hydrosytyraaine had nicotine-like actions in this' ; tTC^ 
•tissue. In the isolated fro* rectus obdosrtnlo wrereratlon. ThensthvUmini. ans "O: 


•tissue. In the isolated frog rectus Qbdosrtnlo preparation* phanethylecdna and , S’- •£«! 
: tyrealne derivatives had actions qualitatively like those of nicotine* all .V;£ • § 

; the confounds produced contracture of the sjosclc which could be prevented by : 
;tubocur*rine* and tachyphylaxis developed to the action* of all of the agents VVtjSalf^m? 
. Epinephrine* norepinephrine and 3-hydroxytyraaine failed to'produce cootrae* te&E&t&Sr 


:;;.^V>avs observed thatall of a series of s ya p at hoa la stlc aalnas had effects 
.. v y dtatirely similar to thoe* of nicotine in inhibiting ganglionic transmission. 71 
'/--The synpathcedaetio anises nost potent in this respect were those which also 
the greatest synpathodaetlc effect* epinephrine was three ti*es ea 
potent as nicotine, in producing ganglionic blockade./ Under tfae« conditions m 

jX'.'-i > i . I t**-- * #- ■, . -I. ^ ' ***>/' w,'.- ; .r .“,• *, t. / i,, ’*' *• ^ 1 i-r ,k ■’/V'/’ , 
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.^••^'t'rf our experiment* non* of the agents, including nicotine/ facilitated p&zk ii-iC&M' 
A 7:': ; :-- 'Oalc traaeaieoion.:' Matthews, who used a different experimental trocedureT^ 

'V^**.'* 8 * •^’^ ouni O't least the ayM p at hc Bi ae t lc amine, icoj^pylaarepinepbrlne, ’ could 


v 1 rr ^ TT r uuoiv^ jwwjiropyajiorcpxnep^^ could fit 

%v FPoQuc* *uch facilitation;’ Kevits and Reinert used Still another eVne rt nen t a l * ; W 
-i^'’Tv C ?*? hoa *” a fouai that epinejteino blocked , ipanglioaie transxUsldaand faclH- 
VlAf^ .teted the ganglionic response to Injected acetylcholine, but that '«aphetiB*lne'' : >miw; 

ib* effects of acet y lcho li ne and facilitated the effects df 5 re«aagll- t 'r>^% 


V V* \*v> ^V'-Ti, V* 7*‘ ^ * *v* 4,1 ' :*y HVI *vV^/Vtf iV> ..U\ r, r v k * ^>* i 

.•\ : .'X-$ V i'v".' ,r ~ vilf* e Propose to test the hypothesis that compound* Sritii qualitatively 

^u-^cslanar actions ontticotlne-sensitiTs mebaalsas have cbealcal-atructuraTfea-^.’W# 1 
' '•ores In occoca. ? We hope to Identify such cosnon chemical properties aaoag 

& •# M >7:-^niootine, ju wAthe jatastlo seines# and ganglionic mod ’ neurcoosculBr .blocking 
:■'.; v T ^-r; p *S ctnt *;__,® J * ^^ taUv * M*U«ritl*a in action and cite of action (lack of. 

.'fr-yr: • selectivity) of the ccopounds we hope to study taplies that aiailnritlea exist 

vjv;*® 01 ^ the gee h a nl a m a by which tha drug molecules Interact with cells.' Rpocif» 4 

V'XX ic olly* the inference seeas Justified, and susceptible to experimental teatin *l : fsS&L 


’. =.j'.vX a- sensitive no chanlcaa have been Identified, ve hope to study quantitative 
■ *K X ,, ferences in these cctsaon elements»‘ V* hope .to explain quantitative .’dl^ere*»ces' ; ^ : ^iM' ; ^' 
,;i 1 in drug action and selectivity In teres of quantitative differences in the’coa- ! H?ifM’ 
" non eleaeats. Ve vioh to investigate the mechanica of action of nicotine by ■’: 

9 ’ * ean * of a c«q?*retive study of-the relationship between structure aai action \f^-h.rX 

i. „ './•..waaong a' uurabcr.of ooepounds which have actions slallar to one or cure of the 


z'-'X"-' r .•* tud 5 r °* 4ru 3 effeota on tranealssion of nerve Iqpulncs In sympathetic ean^rl 
°°* method to permit studying the'effects of drugo.oa n«r- /B traSS 

’ 8ioa at the skeletal nsuroauscular Junction.- four questions ore to be an-’ * 

:;.ev*rcd on the basis of the results of these.esperloentsi . 7 ;, r^v^cr..;;:/, 
'.‘I r -iji- •'' ’.-V •• >• ’ .f i *?/ • 'yV.‘ /■ » ' j/f*i i t ■ v.'» Ci.••’;>?♦S’C...'/ 


i !?•■■':+■■ 


’-'■ -•’ - ' ’• }• ^ to he studied 'jualitativcOy similar, but ’ V^;v:^' 

; quantitatively dissimilar, actions, cr are the actions of some of the drugs 4 rV H *a" 
•f •>• . qualitatively diss ls Ala r frcaa those of other agoats? .;t-f • •• ji-". •• - • 

•r . -- ■: v >;;.••• ~v*Ki . 7^r ,; r;;, J*-:-fVf? 

.- V’ ' 2* Are there asenta which only facUitcte transadssion,’ others ^ f ' 

: . which only inhibit transmission, and others which, like nicotine, nay both in- ^'S' i’? "' 
. crease and decrease function depending on the dcsi* or the mrant •< .a^^ajVJK >!.m' 


referred to differences In experimental procedure {parameters of stlnulatlon,^' 'ff A X 
■ criterion of drug effect, dose range studied, etc;), and to what extent m yTT^CTK#? 

th*v K* Mf.n.wi 1 «« _- .__ ^_ 7l7*/ >:?0:aT s.H»' 
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/respiration will be provided to the cat and the effect# of the ether will be 
allowed to disappear*' jUTaageaente will be mde to permit recording the con* 
tract!on* of one of the nictitating aeabranee, and to.record the arterial ‘ *’\ 


J<sV\ 2 * Perfusion of the superior cervical ganglion, on the aide of 
V-’iU^JrVV the zdctltatlng aeshrane the contraction* of whleh ere to be recorded, trill • ■ 

^;pt- >b* accomplished using one of the modification* of the method of Kibjaicv. • ■ 

-v;Circulation, to the nictitating meslren* .will be preserved by anastomosis of 
.•;s i\V^i^Vy^he cut proximal end of the ip*12ateral external carotid artery to the cut 

v/distal end of the'contralateral lingual or external carotid artery#*; ?erfU».0>>.-;V*{^^ 
'; PS.{ ■;£/.. ; aioa of the ganglion vlll permit the administration of drug* to the ganglion V' 

{;».{'%*?.»'>jalone, or to the nictitating membrane alone, and permit the evaluation of the .,)’M-^V 
V^’V?-.'*-'* v effect* of drug* which are active at both sites. J;V v X L 

u* *- ! ->*?• V 

' : P i s<-;jr 5.V- 3* She preganglionic fibers to the perfused ganglion will be pre- (#iil 
'■ A;*’impaired so'that the fibers may be stimulated electrically at predetermined para- l "”'pbV 
meter* of Stimulation* She postganglionic fiber* from the ganglion vlll be 
•' p, J.’t'J ? »V :• pr epare d so that ganglionic and postganglionic potential* may be displayed 0a • 




‘ganglionic action potentials and th* responses of the nictitating membrane (to ;>V<j£^' 
'(.various rates of preganglionic stimulation) vhlch follow the odoini stmt ion to 


■a *: th* ganglion of a vide 
y&'.b* studied# .Ve hope 13 


ng* of preselected, graded doses of tho compounds to 
quantitate our data by measuring the effect of the 


i* 


, ! ;/^of action of the drugs, and to ensure that the actions observed are, in fact, V 
attributable to the drugs# Beth negative and positive control drug injections 
, . j; will be used) positive control drug* mill be drugs which are known to affect 
ganglionic traneaisaioa by mechanisms other than those postulated for nicotine, 
\ *#«=» anesthetic agents (Exton), and cwrphine (Trendelenburg)# - ••**.*'. . •..* 

7 - . c# 1 Methods to be used to study the effects of drugs on transmission 
of impulses through the skeletal neuroauscular Junction* 

\ :v'- ,v ~ v -* •• * •* V ■ f V v.-'C-u 1 ' »' • * l •.’ ' -'\4 

> 1* ‘ She responses of the leg fcuecl c * of the fowl to indirect stlm- 
ulation are useful in differentiating among drugs which' influence neuromuscular 


p chol ine by Inhibiting cholinesterase at .the Junctional region# ( JCh* criteria iv^ 
'L* ' .. y'for these drug effect* ore, respectively, (a) Alteration of the besting tension r ,:i 

9 ttoaala, (b) P l a iroi t lcn of the amplitude of contraction^ the indirectly ij 

f\-<V- ? ' r»tiiailated muscle, end («) Alteration in the program of single Muscle' tvitchee :•”/ 
^^'^^/'•voJsed.by nerve stinoUUcm# ^PyM ■ <■- • >^ 
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fc/ / ./y‘- : < J ,i,t. v ^c"J'i - -Va.-V/ I- : v ‘ • K'.'*-v^ * V ;*> V l ‘-./V \-KV 7 . .V/V-Kv^ 

'4’;£-.L-'M-i' .7 '' ?£••: / Hs xaropose to 'use this nethod of stmy.wtoAch has been des- 


/a A* j v.. V-‘ * * - l ;-v j, *• * * Vt *. t t ’ v *' ,. v * --> * ' , ^ % -V A w V* I '* r 4 *l* ^ ***$\j* 

■•- ; '2« We propose to uso this nethod of atuayyVnich hasbeen des- /■- 

’ ’.7*cribed previously (Felikan, Smith axd ttonaj and Ttesleff and ttoaa)* Xycgcaxay, 


A\':‘y.ot the tibialis anterior and aolevts muscles of the UE&nesthetised chicken are 'i'SS^:W- 
•*. Wtij’.ito be recorded aschonicsliy*/ Contraction of the auwlea is induced by cleo-; 

'^'V•••>./' tricai etlnolation of.the appropriate branches of the sciatic nerve*' ihniga v ^'^^-*-' 


.}%P'ty;'*my'he administered either Intravenously or by retrograde Injection Into the 


A' y't a y o gr a t u The effects of,the drugs vill be quantitated by deienaining their„.A'X jv,1$ 
y.'xi> V. effects on-the .f*eqyseoey-response curves of •the ousel**. 


Ufsw 
•V <v> : 


- .'\. ?> i t-ture'snd qualitative effects on nicotine-sensitive ae ehanlsa* la vivo* . Such a *. - 

•‘V.'A* «V '’classification should permit at least tentative identification of those struc- 
-vi/V- 1, ‘-'tural features responsible for the qualitative action of the drugs* We hope -7- A^Vv 
V‘V ’> V *, v f>to study in vitro quantitative differences among the drugs and relota these 
>.7 'differences to quantitative difforences in their.chemical properties* 

-‘'b. Arlene has emphasised that quantitative differences in apparent«•>' 
: s biological activity of ccagpo u nda Which act after cocibinntlott vith esU recep* r 

’ tors (as nicotine is presuaed to do) must be interpreted in terns of’two fan- 

A v, -v danestal properties of the drug vhich cay independently of each other and 

Which are dependant oa ths cheelcal structure of the drugt (l) Intrinsic bio- *<*. 

■;'-•logical activity, and (2) The affinity of the pharmcopboric groups of the 

• V* V. r '-drug for the cell receptors* We propose to study the intrinsic activity nad ... 

• c-' fi'i affinity of nicotine and the confounds to be studied for the nicotine-sensitive > 
<'fV' i'V.'i’iBechanisM of the isolated frog reotus eh do c An l a tsuscle*' r- ; >S\■' . ;, ^v^ 

>z\rs i: >■: .?:• 

: ''- V ;V;'--.V;='* ‘'C• Our preliminary results indicate that ■ the ndcdtine-eensltive. ■-%^« 

;>V’h.'V ; anisa of the frog rectus abdoodnls bus cl* provides*, good^oodel-systam on, 

' •> ! *'*•’■ ' Xhicdit which'to study the properties of drugs vhich act on ganglia and other' 

-.yZ'ty'-'- f neurocsiaculiEr Junctiono» 3he isolated frog ousel* is eminently suitable fear ’’,1.j 
•yreclae, quantitative studies under a vide variety of cxper lacnta l conditions* 

’ • ;< ;»•/; ,J4 K.-*"-''d*; The oolecular speaiea (ionired, unionized) responsible for the’ • h£% 

- > l . stiaulstaat-and blocking effects of the drugs on the frog muscle vill be de- 
"... terednsd by observing the effects of alterations of the pH of the jasdiun on ■ 

,’ the apparent potency of the drugs. * Similar methods have been used to deter-/'. S' 

,nine the nolcculcr species responsible for the actions of bevblturatea^ alco- 
.■) ■ hols, and local anesthetics. The intrinsic activity of the optimally effec- ,'^rf 
.‘'•A'V - tive molecular species vill be determined for the agents which ve study*;’/'..^ ^', v ' 'i^;\ 

A -’ , e* We hope to measure the affinity of the drugs for the,cell recep- 
r r. v *•? i tors by detemlnicg Nosh-out” times of the drugs tecs the tissue «S * mo a- 7; 
t ;"‘/77sure of affinity* Preliminary studies have shown us. that the Sash-out" -, tr&mM 
•t '/curves for syapathadaetio a mines and nicotine follow the' equatioa for..the >, 

® ' . pseudoaonoaolecular reaction^ it adglit be predicted that such a'curve .would 
{ describe "wash-out" rates when the rate was determined by the rate of dieso^- 
A: elation of the - drug-cell complex.' JOur results so far indicate that the 'slopia'A 1 ^^# 






’ 'i ■''(*’ 

•rA- v -./ 

*. si J 


■' r determining the QIO, that Ihe’vash-out process is limited in'rate 1 by 
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<V > • 


6, Budget Plan: 


; ^ * . ■ ', **. y* * *** . /'* 5 "■* J*\V** v V 

- ‘ v >*• ’-i ‘ • -,\.w 

; •*! ••' '<? ••*••• .' •• •?' ; r *'S'4, tf’ft El&Abte^ 1 :^ 




Salaries 


. •* . . * 


’' ‘ Expendable Supplies' 5 V * t ’ ' ; ' '* : ' > / ♦ , ( 

* r *\t f '"* Permanent Equipment f ;A’ /•’;V‘*^ ~ ~ 

v V-••••':• Overhead U5^ Of total) •>>'-, ' 7 ' ‘ 3&> ~ 

*■ '•- ; .other lttoe*» I ncl udin g travel • ■ • “ 600 

!\j. - - . ; > *• • ^ 4 ■- 2 —*•* 

' Total , ___ 

^*’‘3 


■-T'- .. *-. 

,\ ‘V .*»• . u 

■ ,•* .«; '•*.», ■ 

/. r \* E.W.'PeliW•"* 

v . :•• Assistant' ( . '.fk. ; ,• ~.;W A;*v^ 

■ 7. Anticipated Duration ofi Work: • *■'•,• '*•.*■ v '-;IT ' ‘’ju.‘“..’ ’*v‘ 

' j.'Tvq Tears j the budget plan above applies only to the first year of research*. .■•j.'ir j 
*v. C; ■»)......t-VV r • ;;>x.,'A ? > c :>•. •. j;" : -y:r *' j V' 

..8. Facilities and Staff Available: . • * >. ' ; • •• «•.•■■ '.'.V t':-'/• ' '---V..';'. ' 

Facilities and staff of the Depertpent of Phainaacology and Expcricant&l - , •'*. 

^hcrapeutica of the Boston University School of Medicine* 2he staff jsaabera "} t 
iar« coapetent end^ vail equipped to aid the course of this study, especially 
Insofar as special fcoavlelsa of anatcsnlc and histological, biochemical and - 'S'Sj 
physical chmical xaethods night he required* and Insofar- as special techniques 
fldght he required to record tfe and study cardiovascular phenomena* Ko salaries ’ 
are requested for persona vfco talj^it aid the work In this vay. - 


w v } 


y * • - ' * • • ^ # . * * * ,, ' - - . 1 , ' ; k /-< 7*' r:T->. 

*9. Additional Requirements: * >*M> *,» */'*.,T* \ ^ : J. • *: ^ /‘l/j . 


Bone 


. 


. • » *' * - ’ •*, • * *,,*» » . - .. \ . * * 

- ' !- S;" :.K;4*y.' 


.10. Additional Information (Including relation of work to other projects and other sources of supply): .■. ': r 

'It Is anticipated that the research will follow the outline described • .\ ; ' V 
eS?ov». As the study progresses, nitnor nodlflcatlona of e s pe rl aerrtal design. ’* V.)’f M' 
and technique nay be necessary; the general plan of the study and ltd goals . ; , 

will not, of course, be changed* . - • ■ . .. - •'• 


,'. fl . • i - 3- • ( 4'- 'X . . ■. V c -i, 

\*r*\ V 

rr? n**j**Hftna 


Oils research prograa la a direct outgrowth and extension of previous 
Investigations conducted by the applicant* Sheas Investigations have Included, 
studies of the phsnsacology of the neuromuscular Junction in several species, 'jU'' nir T- 
studies of the structure-activity relationships amcmg neuromuscular blocking .. Q ''*$/ 
agents, and studies of the actions of rzlcatlne and sympethocdastic ssxlnes' cn . O 't V* ' 
Isolated Intest ina l strips* the frog rectus abdoednls misclo* and, on the su- CJ ■' ‘r,.* 
perior cervical ganglion of the eat* • . . , -/’ 

' . CT- 

Application for suppor t of thin vorlt has not ’bsan nada to any otiier Jj- : 

, ; • *. ... '* w : * f /> 

. r 11 ‘ * 4 * ' - - .',r f v 

j , Ths applicant vill spend about tbret^fourtha pf bis time on tbeaa in- 

VMtiSatiorLB S 


agencies. 



.. i, v ? « - \r+ - * r "■/ -/n/ oeiaug ggggn _ l- i : . ;» « ■; 

%'l '* **. >rJ J.-; ‘J. \ t \ \' • v ^ Business Officer of the Initifution 7 i.‘ 

.’»K ••.-‘it *-:■.;.>;o.'-j; \ 
--- --- - “■ r■; v ' ■ . : J . 

r * •• .' - --- “• 
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R: REDACTED MATERIAL 


- • ' £ - * *< * ,- 
* /, T *-.* 

. / ; ; f• i, *• »/: 


r -V. . > ."A }f * 


v* $ * >. \* .; 




a '<T‘ ; 


^ v : • • ■• . •• '•■• ‘ *••. ‘-'V •'« ,» I, .', 1 


■ « • ' t.-/ 


• jOO V.; •-: C7 s 

^ .** L J-'T ' ; »% 

’ v" j »t ' * i* i % - * 


■y-h 


»;IU v /l /*v ,J ?'**•*>[ m :>***'$')*/* ,V\v'-^Jv 

' ;£ *,;-.;.;,lBKffiSSSi- <"*■’• 'tfuC^-B.8*-. (University of Illinois, 19^8) \ !.• v;:, ;/^VvV« 

";' v '■■/•■..,’ -•• ;, * V' ’ M.Q. (University of Illinois, Depaurtacat of Pharnaoology,' -Vv;-.; 

• /,•; ViW •' -V^< ;i ^v^-- 

> * -i '.-■ ( < .,/...,• V '; :> MJ>. (University of Illinois Colies* of Medicino, 1951), t . v 
*-y , u .ij >\ f*'4 * 4 \ v -, »’ > V*** * 1 • v *;'» *\7 ; ** :,rs ' x ’ \ v'' y \'" »’'«* * H %'V , £;* 

V^r.iaAlOTIKI As© 'f : .‘ ri ;1 }’■ j •/*•••-O&f 


<>.- . - ;•*',* r-i y-\ /.';• :.- ; .•*.: v.^CQUege of Kediciwi;‘1951-1953. •.■;> 

— ^ V latcrws, Th« Prestjyterica HoBpital of tha City of Chicago,- -p - '--. 

9 • - "•• •* •: - -•' - ' ■ “ ••’ •'- >• • • • •.. 1951-1953. '>•••/ • .••■•;■. '•.' • '.‘ ; =..-' ; :• • ; •, 

• , >•, . '-•■ . ..Bpeclol Projects Officer, Office of Baval Reseerch, ti.S.'Bavy, 

v’;" ' : 1953 - 1955 . • ■ V 

' ■' •• v: " ■; - • Aaaiotant Profeaoor, Bepartaent of Pharaacoloey, tJnlveraity of j, 

'••/' l''j ; yy- ! r^ :v ••;■-'-[:■}'V ^•■y.xniDolg College of Madlclne, 1953-1953*.' h'-s -»Xv^l «v. 

- ■•'';; - ■ •• • V ' ' ’ - >' '■'•'■■■ 'Assistant Profeoooaa, Dopartoont of Physiology and Phatnascolbgjr,' : 

,v •', : • •, Vl'i ’ 'i ’/ ' ; ]a\ Graduate School of Medicine, University of Paannylvaaia „ 

» V-. Associate professor, tfcportasnt of Pharoacology, ‘Boston tfalvcr-.'" 

'• :• V,-■• - */,■»#’-*' T •• • -Y--.‘v‘aY r: Slty School of Medicine . r-\-• -v-'-r,CV'AvjTr^^r 

..■ H‘ ; .• • ! vv•/* .■••:• '<>’ . 1 ,) 

;%• >'■'?*: i-Hn a a sa aai -. ;-° r «aCACt£D ^V“-*- 

’-. ’.. v-.. v ■’•■ • •- • ■" 

’ •• v r - ; • ’ ; . : t ' 


P^DACT££> 


&£BACT£Q 


O'yyi-: v-'. 

■„ - :*■*». .'s.r < 
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